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The Potyvirus helper component-proteinase (HC-Pro) binds nonspecifically to single-stranded nucleic acids with a
preference for RNA. To delineate the regions of the protein responsible for RNA binding, deletions were introduced into the
full-length Potato potyvirus Y HC-Pro gene carried by an Escherichia coli expression vector. The corresponding proteins were
expressed as fusions with the maltose-binding protein, purified, and assayed for their RNA-binding capacity. The results
obtained by UV cross-linking and Northwestern blot assays demonstrated that the N- and C-terminal regions of HC-Pro are
dispensable for RNA binding. They also revealed the presence of two independent RNA-binding domains (designated A and
B) located in the central part of HC-Pro. Domain B appears to contain a ribonucleoprotein (RNP) motif typical of a large family
of RNA-binding proteins involved in several cellular processes. The possibility that domain B consists of an RNP domain is
discussed and suggests that HC-Pro could constitute the first example of a plant viral protein belonging to the RNP-
containing family of proteins. © 2000 Academic PressINTRODUCTION
Due to the compactness of their genetic information,
most viruses encode multifunctional proteins that per-
form essential roles during the infection process. One
such example is the nonstructural helper component-
proteinase (HC-Pro) of Potyviruses, monopartite single-
stranded RNA viruses of plants that belong to the
picornavirus-like superfamily. The positive-stranded RNA
genome of these viruses contains a single large open-
reading frame which encodes a precursor polyprotein
that is processed into the different functional proteins.
HC-Pro is involved in at least four different steps of the
potyvirus life cycle (reviewed in Maia et al., 1996). Sev-
eral studies have shown that it plays a central role in
aphid-mediated transmission of Potyviruses from plant to
plant (reviewed in Pirone and Blanc, 1996). A second
well-established function of HC-Pro is its involvement in
potyvirus polyprotein processing, an autoproteolytic ac-
tivity that requires the C-terminal part of HC-Pro. Third, in
addition to the above functions, HC-Pro has been shown
to be involved in potyvirus genome amplification. Al-
though genetic evidence implicates the highly conserved
motif Ile-Gly-Asn (IGN) in the central region in this am-
plification process (Cronin et al., 1995; Kasschau et al.,
1997), the precise biochemical role of HC-Pro in replica-
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104tion remains undefined. Fourth, a central Cys-Cys/Ser-
Cys (CC/SC) motif has been identified by mutation anal-
yses to be necessary for systemic spread of the virus
within the host plant as well as for genome amplification
(Cronin et al., 1995; Kasschau et al., 1997). Genome ampli-
fication and viral movement may be two facets of the re-
cently proposed function of HC-Pro in suppression of host
defense as revealed by its effect on pathogenicity (Pruss
et al., 1997) and its capacity to suppress gene silencing in
plants (Shi et al., 1997; Brigneti et al., 1998; Kasschau and
Carrington, 1998; reviewed in Bruening, 1998).
HC-Pro of Potato potyvirus Y (PVY) purified from in-
fected plants binds to oligo(dT), poly(U), and poly(G), but
not to poly(A) or poly(C) (Thornbury et al., 1985). When
PVY HC-Pro was expressed in Escherichia coli as a
fusion protein with the maltose-binding protein (MBP), it
was capable of binding RNA nonspecifically but recog-
nized the same homopolymers as the plant-purified HC-
Pro (Maia and Bernardi, 1996). In the present study, using
a series of deletions, two functional domains of HC-Pro
involved in RNA binding were mapped and one domain
was further characterized. We suggest that HC-Pro might
belong to the large family of proteins possessing ribo-
nucleoprotein (RNP) domains.
RESULTS
Expression and purification of MBP:HC-Pro and
related deletion mutants
Previous studies in our laboratory have shown that
MBP:HC-Pro acts as a sequence nonspecific RNA-bind-
105RNA-BINDING DOMAINS OF PVY HC-Proing protein (Maia and Bernardi, 1996). To identify the
functional RNA-binding domains of PVY HC-Pro, deletion
mutant analyses were performed. Figure 1 presents the
full-length MBP:HC-Pro construct, the deletion mutants
del-1 to del-7, and the amino acids (aa) of HC-Pro re-
maining in each construct. It also summarizes the results
of the UV cross-linking and Northwestern blot assays
(see below). The proteins purified by affinity chromatog-
raphy were analyzed by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) followed by
immunoblot assays. They migrated with the expected
mobility, although minor faster migrating bands were
also present in several cases. As evidenced in the im-
munoblot assays (Fig. 2A), the position of the major, most
slowly migrating band corresponded in each case to the
size of the expected MBP:HC-Pro deletion mutant and
was related to the MBP:HC-Pro product, since it reacted
with the anti-MBP:HC-Pro antibodies. Del-2 consistently
FIG. 1. Schematic representation of the PVY MBP:HC-Pro construct a
activities. Delineation of the full-length construct into N-terminal (N-te
present in the full-length (f-l) HC-Pro and remaining within each mutant
by UV cross-linking and Northwestern blot assays (see Fig. 2) are indic
mutants is given above the diagram. The MBP portion of the fusion pro
binding); “1/2”: barely detectable binding.appeared as a doublet.Characterization of the RNA-binding domains of MBP:
HC-Pro in vitro
The binding activity of the different deletion mutants
was investigated. Mutants lacking aa residues from the
C-terminal region (del-1, del-2, and del-3), from the N-
terminal region (del-5, del-6, and del-7), or from both
terminal regions (del-4) were assayed for RNA binding by
UV cross-linking and Northwestern blot assays (Fig. 1
and Figs. 2B and 2C).
For UV cross-linking, the biotinylated RNA probe was
incubated with full-length MBP:HC-Pro or the deletion mu-
tants. After UV cross-linking and digestion of the probe, the
protein was resolved by SDS-PAGE and electrotransferred,
and the cross-linked nucleotides were detected (Fig. 2B).
Binding of the HC-Pro deletion mutants to RNA was com-
pared to that of wild-type MBP:HC-Pro.
The deletion mutant lacking most of the C-terminal
e deletion mutants, and summary of their corresponding RNA-binding
tral and C-terminal (C-ter) regions is provided. The amino acids (AA)
o del-7) as well as the ability of each construct to bind RNA as assayed
he position of the restriction sites used for construction of the deletion
not to scale. Binding is scored as “111” (highest binding) to “2” (nond of th
r), cen
(del-1 t
ated. T
tein isproteinase domain, aa 362 to 456 (del-1), retained the
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106 URCUQUI-INCHIMA ET AL.capacity to bind RNA. When MBP:HC-Pro lacked aa 229
to 456 (del-2) from the C-terminus, two major bands were
detected that bound RNA. They corresponded to the
doublet that reacted with anti-MBP:HC-Pro antibodies
in immunoblot assays (Fig. 2A). Deletion of a longer
C-terminal region, from aa 119 to 456 (del-3), led to virtual
loss of RNA-binding activity. The central region of MBP:
HC-Pro by itself (aa 89 to 230; del-4) was sufficient to
bind RNA.
RNA binding to MBP:HC-Pro deleted of the N-terminal
FIG. 2. Analysis of full-length MBP:HC-Pro, related deletion mutants
(del-1 to del-7) and MBP:b-gala. (A) Immunoblot assay using anti-MBP:
C-Pro polyclonal antibodies and goat anti-rabbit IgG horseradish perox-
dase-conjugated. (B) UV cross-linking. (C) Northwestern blots. Purified
BP:b-gala was used as control. Equivalent amounts of purified fusion
rotein (1.5 mg) were loaded into each well. Values (in kDa) to the left are
from prestained protein markers analyzed on a parallel lane of the same
gel. The size of MBP:HC-Pro, del-1 to del-7, and MBP:b-gala is 92, 81, 67,
55, 58, 82, 66, 53, and 52 kDa, respectively. Each experiment was per-
formed at least four times with identical results.region, del-5 (aa 1 to 88), and del-6 (aa 1 to 233) still fbound RNA, whereas del-7 lacking aa 1 to 365 was
totally devoid of RNA-binding capacity. MBP:b–gala did
ot bind the RNA probe as expected.
To verify the results observed by UV cross-linking, the
nalysis was extended to Northwestern blot assays. Pu-
ified MBP:HC-Pro and the related deletion mutants were
ubjected to SDS-PAGE, electrotransferred onto a nitro-
ellulose membrane, and renatured. The blot was then
ncubated with the biotinylated RNA probe and washed,
nd the bound riboprobe was detected. The results ob-
ained by Northwestern blot assays (Fig. 2C) were es-
entially the same as those obtained by UV cross-linking.
owever, by Northwestern blot, del-2 and del-4 pre-
ented lower binding and del-5 and del-6 higher binding
f the riboprobe than by UV cross-linking (Fig. 2, com-
are B and C). In addition, an artifactual streak appeared
n most wells at the position of ;70 kDa (Fig. 2C).
The results obtained by UV cross-linking and North-
estern blot assays suggest that HC-Pro and some of its
elated mutant proteins bind the RNA probe equally well
Figs. 2B and 2C). The N-terminal 118 aa (del-3) of HC-
ro led to barely detectable binding activity; the C-termi-
al 89 aa (del-7) did not bind RNA.
Based on the results obtained with del-4 and del-6
Fig. 1), binding of RNA involves the central region of
C-Pro extending from aa 89 to 365. The results ob-
erved support the notion that HC-Pro possesses two
ndependent RNA-binding domains (Fig. 1). One domain,
esignated domain A, would involve the region between
a 89 and 230 of HC-Pro. The other domain, designated
omain B, would be located between aa 234 and 366,
mmediately downstream of domain A.
urther characterization of domain B
To carry out this characterization, three constructs
ere used, del-8 corresponding to aa 234 to 321 within
omain B, and del-6a and del-6b with mutations within
omain B (Fig. 3). They were tested as described above
or MBP:HC-Pro and del-1 to del-7, by Western blots, UV
ross-linking, and Northwestern blots (Fig. 4; summa-
ized in Fig. 3).
When domain B was reduced to aa 234 to 321 (del-8),
t maintained its capacity to bind RNA as shown in Figs.
B and 4C, indicating that the RNA-binding domain is
maller than domain B postulated above and presented
n Fig. 1. Mutations were introduced in del-6 (Fig. 3), in
ne aa, Y (position 288 in del-6a), and in aa IG (positions
48 to 250 in del-6b) in the IGN motif, that are conserved
mong HC-Pro of Potyviruses. Substitutions of IG by RP
ad no effect on RNA-binding activity, whereas substitu-
ion of Y by D decreased RNA-binding activity as ob-
erved by UV cross-linking, and virtually abolished RNA-
inding activity as determined by Northwestern blots
Fig. 4). Consequently, Y in position 288 is indispensable
or RNA binding to domain B (Figs. 3 and 4).
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107RNA-BINDING DOMAINS OF PVY HC-ProLength of oligodeoxyribonucleotide required for MBP:
HC-Pro binding
MBP:HC-Pro has been shown to bind preferentially
single-stranded rather than double-stranded nucleic ac-
ids (Maia and Bernardi, 1996). To assess the minimum
length of single-stranded template required for binding of
MBP:HC-Pro, three oligodeoxyribonucleotides of varying
lengths (17, 31, and 54 nucleotides long) were used in
native polyacrylamide gel-shift assays (Fig. 5). Under the
conditions used, the amount of complex formed was
negligible for the 17-mer (lanes 1, 2) and increased with
the length of the oligodeoxyribonucleotides (lanes 3–6).
Other bands were present in the labeled oligodeoxyribo-
nucleotides which correspond to spurious bands present
in the preparations; they prevented precise identification
of the 31-mer. These results indicate that the length of
the probe required for interaction with MBP:HC-Pro is
greater than 17 nucleotides.
The size of the complexes formed between 31- and
54-mer and MBP:HC-Pro should have been such as to
allow migration of the complexes into the gel. The fact
that the complexes did not enter the gel was confirmed
FIG. 3. Schematic representation of the deletion construct del-8 and
among several potyviral HC-Pro are represented in construct del-8 an
contained in the corresponding motifs are indicated. The mutations int
and 249) are highlighted by a vertical arrow. Other indications are as
FIG. 4. Analysis of del-8, del-6a, and del-6b. (A) Immunoblot assay. (B)
V cross-linking. (C) Northwestern blot. The size of del-8 is 52 kDa, andhat of del-6a and del-6b is 66 kDa. Other indications are as in Fig. 2.using an agarose gel in which the complexes also re-
mained in the wells (data not shown). This behavior
indicates that in the case of MBP:HC-Pro, the complex
remains at the top of the gel not only because of coop-
erative binding of the protein as suggested earlier (Maia
and Bernardi, 1996), but possibly also because of its
isoelectric point or its state of multimerization.
DISCUSSION
The potyviral HC-Pro is a multifunctional protein (re-
viewed in Maia et al., 1996) that can be divided into three
unctional regions (Fig. 1), the N-terminal (aa 1 to 88), the
entral (aa 89 to 321), and the C-terminal (aa 322 to 456)
egion. The N-terminal region is required for aphid trans-
ission (Pirone and Blanc, 1997) and self-interaction
Urcuqui-Inchima et al., 1999); however, at least in To-
acco etch virus, it is dispensable for virus viability (Dolja
t al., 1993; Verchot and Carrington, 1995). When this
tudy was undertaken, the putative existence of an RNA-
inding domain within the N-terminal region of HC-Pro
ad been postulated based on the presence of a Cys-
ich domain which had been proposed to be a zinc
inger-like motif (Robaglia et al., 1989). The results pre-
ented here demonstrate that this region is dispensable
or nonspecific protein-RNA interaction in vitro. The
-terminal region containing the proteinase and required
or the viability of the virus (Klein et al., 1994; Kasschau
nd Carrington, 1995) is also dispensable for RNA
inding.
The results presented here have revealed two distinct
NA-binding domains, designated domains A and B,
ithin the central region of the protein. Both domains are
apable of binding RNA independently of each other and
ould be functionally different. Viral proteins containing
wo different RNA-binding domains have been described
Citovsky et al., 1992; Rodrı´guez and Carrasco, 1995;
ichmond et al., 1998). In these cases, the domains have
not been ascribed to any of the established RNA-binding
mutants del-6a and del-6b. The positions of certain motifs conserved
e point mutants as vertical bars, and the aa (in the one-letter code)
d in del-6a (Y to D, position 288) and in del-6b (IG to RP, positions 248
1.of the
d in th
roducedomains (Burd and Dreyfuss, 1994).
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108 URCUQUI-INCHIMA ET AL.We examined the aa sequence of domain A (del-4; aa
89 to 230) to identify possible conserved motifs. Se-
quence alignments of the HC-Pro of 12 different Poty-
viruses revealed that beyond aa 157 there was ;59%
identity between the proteins (not shown). However,
none of the known RNA-binding motifs could be found in
this domain. Amino acids located upstream or within
domain A have been implicated in increased pathoge-
nicity of PVX in coinfection with potyviruses (Pruss et al.,
1997; Shi et al., 1997).
The binding activity of domain B was further charac-
erized by substitution of one aromatic aa in domain B
del-8; aa 234 to 321), Y at position 288 (del-6a). This
bolishes RNA binding whereas replacement of IG (del-
b; positions 248–249) has no detectable effect. A close
xamination of the sequence, and of the secondary
tructure prediction of domain B based on two distinct
FIG. 5. Gel mobility-shift assay of oligodeoxyribonucleotides and
MBP:HC-Pro. Lanes 1, 3, and 5 correspond respectively to the 17-, 31-,
and 54-mer incubated alone. Lanes 2, 4, and 6 correspond respectively
to the 17-, 31-, and 54-mer incubated with MBP:HC-Pro. The positions
of the origin (O), xylene cyanol (XC), and bromphenol blue (BB) are
indicated to the right. To the left are provided the positions of the
complexed probes and of the free probes (in nucleotides). This exper-
iment was repeated at least three times.
FIG. 6. Secondary structure prediction of domain B (aa positions 234
, a-helix, are predicted using both methods. An additional less well-d
a2), and by the PHD method as being a b strand. RNP-2, RNP-1, and
conserved motifs present in Potyviruses and discussed in the text. Th
of hnRNP A1 and its secondary structure prediction are presented for c
in HC-Pro are designated by “1” (Burd and Dreyfuss, 1994).computer searches, suggests that it could be related to
the RNP domain, the hallmark of a large family of RNA-
binding proteins mostly involved in RNA processing,
transport, gene expression, and development (reviewed
in Burd and Dreyfuss, 1994; Nagai, 1996). The RNP do-
main also referred to as RRM (RNA recognition motif) is
composed of about 95 aa. It characteristically possesses
a b1–a1–b2–b3–a2–b4 secondary structure forming a
our-stranded anti-parallel b-sheet connected by two
a–helices. Two short motifs, RNP-2 and RNP-1, with con-
served aa are located on the b1 and b3 strands, respec-
ively. Two sequence stretches present in equivalent
ositions in domain B (del-8) share similarities with char-
cterized RNP-2 and RNP-1 motifs. Indeed, in the first
otif (aa 246–251), 5 out of 6 aa are identical to the
onsensus sequences found in this family of proteins
Fig. 6). The second motif (aa 282–289) is more distantly
elated to RNP-1, as is often the case of other RNP
roteins (reviewed in Burd and Dreyfuss, 1994; Nagai et
l., 1995), and possesses four out of eight conserved
esidues, one of which is involved in RNA binding (del-
a). In addition, a Gly residue highly conserved among
otyviruses and well conserved among RNP proteins is
resent between RNP-2 and RNP-1 (Fig. 6). More impor-
antly, secondary structure predictions using the neural
etwork method PHD (Rost et al., 1994) and the hydro-
hobic cluster analysis (HCA; reviewed in Callebaut et
l., 1997) reveal a secondary structure for domain B
omposed of four b strands and one a-helix in the same
arrangement as classical RNP folding, with the putative
RNP-2 and RNP-1 located on b1 and b3, respectively, as
expected. This is shown in Fig. 6 where domain B is
compared to the RNP domain of hnRNP A1 whose
secondary structure prediction has been confirmed by
physicochemical methods (Garrett et al., 1994). Concern-
ing helix a2, the PHD method predicts at this position a
b strand with a moderate score, whereas the HCA
method predicts an a-helix which is more in agreement
with the structure of demonstrated RNP domains. Deter-
mination of the secondary structure of this domain is
required to confirm this structure, in particular the region
downstream of RNP-1 (Fig. 6).
of PVY HC-Pro using the PHD and the HCA methods. E, b strand, and
secondary structure ( z ) is predicted through HCA as being an a-helix
nserved G residue are boxed. Underlined triplets correspond to three
utated in del-6a and del-6b are in bold. The corresponding sequence
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109RNA-BINDING DOMAINS OF PVY HC-ProSeveral aa of domain B are highly conserved among
Potyvirus HC-Pro (Cronin et al., 1995). Reduced amplifi-
cation levels have been correlated with mutations of the
highly conserved IGN motif (Cronin et al., 1995; Kas-
schau et al., 1997), leading us to postulate that the
RNA-binding activity of domain B of HC-Pro could be
involved in genome amplification. Yet, mutating IG alone
had no effect on RNA-binding activity.
Systemic movement of Potyviruses is debilitated by
mutating another conserved motif in the central region,
CSC (Cronin et al., 1995; Kasschau et al., 1997). The role
of the factors involved in systemic movement of viruses
is still poorly understood and the role of HC-Pro in this
activity has so far not been elucidated. Finally, the Pro-
Thr-Lys (PTK) motif also situated in domain B is involved
in the interaction of HC-Pro with the virus particle sup-
posedly through protein-protein interaction between the
coat protein and HC-Pro (Peng et al., 1998). It is not clear
whether RNA binding is somehow related to the interac-
tion between the coat protein and HC-Pro at the level of
PTK.
Delineation of the RNA-binding domains and mutation
studies of HC-Pro, together with structural predictions,
lead us to propose that this viral protein can be grouped
within the large family of proteins containing RNP do-
mains.
MATERIALS AND METHODS
Construction of HC-Pro deletion and point mutants
The plasmid encoding the 456-aa-long PVY-LYE84
HC-Pro (Maia and Bernardi, 1996) served to construct
the deletion mutants, using standard molecular cloning
techniques.
The C-terminal deletion mutants, del-1 and del-2, were
generated by PCR amplification from pT7:HC-Pro (Maia
and Bernardi, 1996) using primers 1 to 3 indicated in
Table 1. The PCR products were digested by EcoRI/XbaI
TABLE 1
Oligonucleotides Used for Amplification and Mutation Studies,
Their Orientation, and Their Sequence
Primer Sequencea
1 sense ccatgGAATTCTCGAATGCAGAC
2 antisense gcTCTAGATTATCCCTTTGATGG
3 antisense gcTCTAGATTAGTTCTTTGCATCC
4 sense ggGAATTCGTTCGCGACATGTGTGTGC
5 sense gggCCATGGCATATGAAGTCCGCAAGCATCC
6 sense gggAAGATCTTTGGTCACCACTATTGCCTATTAC
7 sense GGTAATTATGTGGATCCCTGCAGTTGC
8 antisense GGAACAAGGAAGCTCGCAAGGCCTAATTTAGTTGTC-
CCACTTG
a Nucleotide sequences are from 59 to 39. Nonviral sequences are in
owercase. Restriction sites used to clone the PCR fragments or for
loning purposes are underlined. Mutated nucleotides are in italics.and cloned into identically digested pMal-c2 (New En-gland BioLabs) for protein expression. Mutant del-3 was
obtained by subcloning the EcoRI/DraI fragment of pMal:
HC-Pro (Maia and Bernardi, 1996) into pMal-c2 cleaved
by PstI, blunt-ended/EcoRI. Mutant del-4 was prepared
by excision of a ClaI, filled in/XmnI fragment from the
plasmid harboring del-2 and recircularization.
The N-terminal deletion mutants, del-5 and del-6, were
obtained by restriction digestion of plasmid pMal:HC-Pro
and pT7:HC-Pro, respectively, and subcloning to main-
tain the correct reading frame, into a modified version of
pMal-c2 designated pMalmod. This plasmid contains a
laI site created after digestion of pMal-c2 with BamHI,
filling in, and subsequent ligation. Mutant del-5 was
obtained by ligating the ClaI, filled in/XbaI fragment of
pMal:HC-Pro into similarly digested pMalmod. Mutant
del-6 was constructed by ligating an NdeI, filled in/SpeI
fragment of pT7:HC-Pro into identically digested vector
as used for the construction of mutant del-5. Mutant del-7
was obtained by cloning an EcoRI/XbaI fragment ob-
tained by PCR amplification from pMal:HC-Pro using
primer 4 (Table 1) and the sequencing primer of the
lacZa region (New England BioLabs), cleaving with
EcoRI/XbaI, and insertion into identically digested
pMal-c2. Mutant del-8 was constructed in two steps.
irst, the PCR fragment obtained with primers 5 and 6
Table 1) was inserted into the vector pQE60 (Qiagen) to
roduce a polypeptide of 89 aa with a carboxy-terminal
ix-His-long tag. Since the expression level of this
olypeptide in E. coli was very poor, this region was
ubcloned. A fragment obtained by digestion of the
QE60 derivative with NdeI, filled in/HindIII was sub-
loned into pMal-c2 digested by XmnI/HindIII.
Two site-directed mutations were introduced into
del-6. Del-6a carries the Y to D substitution at position
288, and in del-6b IG at positions 248 and 249 was
changed to RP. These mutations were produced using
primers 7 and 8 (Table 1) with the U.S.E. mutagenesis kit
(Pharmacia Biotech).
All PCR products and site-directed mutants were con-
trolled by sequencing.
Expression, purification, and immunodetection of
MBP:HC-Pro and related deletion mutants
Plasmid pMal:HC-Pro (Maia and Bernardi, 1996), re-
combinant plasmids, and pMal-c2, which encodes the
BP-b-galactosidase-a peptide fusion (MBP:b-gala)
used as control, were transformed into E. coli BL21(DE3)
or SCS1 cells. Expression was under the control of an
isopropyl-b-D-thiogalactopyranoside (IPTG)-inducible pro-
motor (Maina et al., 1988). The culture was shifted to
25°C after IPTG induction to increase the solubility of the
protein, except for del-6a and del-6b that were main-
tained at 37°C. After affinity chromatography on amylose
columns according to the instructions of New England
BioLabs, the resulting fusion proteins were analyzed by
0.1% SDS-10% PAGE. In the case of del-2 and del-4 which
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110 URCUQUI-INCHIMA ET AL.were too dilute for the RNA-binding assays, the proteins
were first concentrated through an Omega 10K mem-
brane. The concentration of the purified fusion proteins
was estimated by A 280 measurements.
For immunoblot assays, the proteins were transferred
from the gel onto a reinforced nitrocellulose membrane
(Schleicher & Schuell) by electrotransfer in 25 mM Tris,
0.192 M glycine, and 20% ethanol at 400 mA for 90 min.
Immunodetections were performed using polyclonal an-
tibodies obtained by rabbit immunization with purified
MBP:HC-Pro produced by Biocytex (France) and accord-
ing to the ECL chemiluminescent detection protocols
(Amersham).
Preparation and detection of a synthetic biotinylated
RNA probe
The biotinylated RNA probe was transcribed in vitro
from SnaB1-digested pTA216 which contains the first 200
nucleotides from the 59-end of the Turnip yellow mosaic
tymovirus RNA genome and which gives the same re-
sults as the PVY probe previously used (Maia and Ber-
nardi, 1996). It was synthesized in the presence of biotin-
21-UTP according to the supplier’s (Clontech) protocol.
The biotinylated RNA probe was then purified by remov-
ing the free ribonucleotides by gel filtration through
Sephadex G-50. After phenol-chloroform extraction, the
probe was ethanol-precipitated. The integrity and the
concentration of the resuspended probe were verified
using native agarose gel electrophoresis and compared
to known standards. The probe was stored at 280°C.
RNA-protein UV cross-linking
Equal amounts (1.5 mg) of the fusion proteins which
correspond to a large excess of protein over RNA (Maia
and Bernardi, 1996) were incubated for 20 min at room
temperature with 10 ng of biotinylated riboprobe in 20 ml
ontaining 10 mM Tris-HCl, pH 7.6, 1 mM EDTA, 70 mM
aCl, 0.25% Tween, and 10% glycerol. After incubation
he reaction mixtures were irradiated on ice in open
ppendorf tubes for 10 min using a Stratalinker UV
rosslinker 1800 (Stratagene). Unprotected RNA was di-
ested for 30 min at 37°C with 0.6 mg of RNase A
(Boehringer). The cross-linked RNA-protein complexes
were analyzed by SDS-PAGE and blotted onto a nitrocel-
lulose membrane as described above for immunoblots. A
modified version of the Clontech protocol served to de-
tect the biotinylated RNA probe using streptavidin-con-
jugated peroxidase and ECL fluorescent detection (Am-
ersham) in place of streptavidin-conjugated alcaline
phosphatase and chromogenic detection.
Northwestern blot assays
After SDS-PAGE, the proteins were treated essentially
as described (Rodrı´guez and Carrasco, 1994). They were
transferred onto a nitrocellulose membrane as indicated
for immunoblots. The filters were then washed threetimes for 30 min in renaturation buffer containing 10 mM
Tris-HCl, pH 7.5, 50 mM NaCl, 1 mM EDTA, 0.02% bovine
serum albumin, 0.02% Ficoll 400, 0.1% Triton X-100, and
0.02% polyvinylpyrrolidone. The blotted proteins were
probed with 25 ng/ml of biotinylated RNA probe in rena-
turation buffer at room temperature for 1 h. Finally, the
biotinylated RNA probe was detected as described for
UV cross-linking.
Gel mobility-shift assays using
oligodeoxyribonucleotide probes
Synthetic oligodeoxyribonucleotide probes, a 17-, a
31-, and a 54-mer, were 59 32P-labeled. The sequences of
he oligomers were unrelated but they contained equiv-
lent amounts of T residues. Labeling was performed
ith T4 kinase (Promega) and [g-32P]ATP (ICN). Purified
MBP:HC-Pro (1 mg) was incubated with 10 ng of the
32P-labeled probes in 15 ml of the binding buffer used for
UV cross-linking. After 20 min at 25°C, the samples were
loaded onto a native 6% polyacrylamide gel and electro-
phoresed at 4°C in TAE (40 mM Tris-acetate, 1 mM
EDTA, pH 8.5) until the bromphenol blue had migrated
halfway down the gel. The radioactive material was de-
tected by autoradiography.
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